Abstract
Gulf of Corinth (Greece) provided a pilot test for the integrity of the intra-crystalline fraction 23 in subfossil shells. The small sample sizes in this preliminary study preclude a full 24 assessment of the aminostratigraphic power of Pecten IcPD, but a concordance is observed 25 between the extent of IcPD and sites dating from between MIS 5 and MIS 11.
26
We conclude that Pecten is a potentially good substrate for IcPD dating in the Mediterranean, 27 and that the temporal limit of the technique in this area lies beyond MIS 11. (former sea beds) now at increasing elevation with increased age (Leeder et al., 2003) .
126
The terraces with exposures of underlying marine facies are particularly well-preserved on vertical transition, which records a prograding shoreline (e.g. Fig. 2A ). Other exposures
132
(such as at Agriliou Bay) are sea-to-landward cross-sections, revealing an inclined lateral 133 transition of contemporaneous from shallow marine facies to beach facies.
134
Most shells considered here were collected from locations around the Perachora Peninsula, 135 but in order to extend the study beyond MIS 7, we also analysed Pecten shells collected from 136 the Corinth Canal (adjacent to corals dated to MIS 9 and 11 (Collier, 1990) Corinth canal ( Fig. 2A and B) . Associated corals were dated to >350 ka by U-Th (this 
Analysis of intra-crystalline amino acids

226
Each powdered Pecten sample was separated into two further subsamples for the analysis of the bleached samples was lower than background levels (LOD) (Fig. 5A ) and represents ~0.
321
4% after 24 h heating (Table 3) . While this may indicate that the system (heated bleached 322 shells) is not perfectly closed, the high levels of leaching from unbleached shells support the 323 hypothesis that the isolation of the intra-crystalline fraction in fossil Pecten may be important 324 for geochronological studies.
325
It is important to note that the isolation of the intra-crystalline fraction results in major indicating that the activation energies for peptide bond hydrolysis were lower than those for 368 racemization, which implies that at lower temperatures hydrolysis will be more facile than 369 racemization. We cautiously suggest a similar interpretation here, which however will 370 require further testing on a more extensive set of high-temperature experiments on both 371 unbleached and bleached Pecten. We also note that the higher variability displayed by fossil 372 data may be partly due to the localised burial/thermal environment of each shell, but also 
Patterns of IcPD at high and low temperatures
430
The amino acid Ala (Fig. 8E) , usually a medium-rate racemizer, displays D/L values between 431 0.45-0.85, higher than those of the fast racemizer Asx, as already shown by the high-432 temperature dataset (Fig. 6) . The rapid decomposition of Ser into Ala (observed in the kinetic • A 48-h bleaching step is effective in isolating the intra-crystalline fraction of proteins 457 shells of the modern marine mollusc Pecten (Fig. 4) , similar to that observed for other 
459
• The intra-crystalline proteins are likely to belong to the group of nacrein-like proteins 460 on the basis of their amino acid composition (Fig. 3) .
461
• The minimal loss of amino acids from the bleached shell during high temperature 462 (leaching) experiments supports the evidence for the system's integrity (Fig. 5) , and 463 we suggest that the intra-crystalline fraction of Pecten shells better approximated a 464 closed system than the unbleached fraction.
465
• Pecten shows good potential for retaining an effectively closed system of proteins 466 over geological timescales (Fig. 7) , therefore it can be identified as a useful substrate Torres, T., Llamas, J., Canoira, L., Coello, F. J., Garcia-Alonso, P., Ortiz, J. E., 2000. Table 1 : Details of fossil Pecten sp. shells from raised beach deposits of the Corinth Gulf, shells from geological deposits of known age (U-Th dates, Table 1 ), Gulf of Corinth, Greece.
690
Vertical error bars represent the expected coefficient of variation (CV) for each amino acid,
